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1 - INTRODUCTION 

This application is a continuation in part of 
United States Patent Application Serial Ho. 08/403,239,. 
filed January 5, 1996. 

§ 2. MCKGRQWD OF ggB INVENTION 

The present invention relates to medical 
devices apprising synergistic combinations of tri~ 
ciosan and chlorhexidino. 

Whenever a medical device coses in contact 

ID with a patient, a risk of infection is created. Thus, a 
contaminated examination glove , tongue depressor, or 
stethoscope could transmit infection. The risk of 
infection dramatically increases for invasive medical 
devices, such as intravenous catheters, arterial 

IS grafts. Intrathecal or intracerebral shunts and pros- 
thetic devices, which not only are, themselves, in 
intimate contact with body tissues and fluids, but also 
create a portal of entry for pathogens. 

h number of methods for reducing the risk of 

20 infection have been developed which incorporate anti- 
infective agents into medical devices, none of which 
have been clinically proven to foe completely satis- 
factory. Such devices desirably provide effective 
levels of ant i infective agent during the entire period 

25 that the device is being used. This sustained release 
may be problematic to achieve, in that a mechanism for 
dispersing ant 1 infective agent over a prolonged period 
of time may he required, and the ihcctporatiph of suf- 
ficient amounts of autiinf ectiva agent say adversely 

30 affect the surface characteristics of the device. The 
difficulties encountered in providing effective anti- 
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microbial protection increase with the development of 
drug-res 1 stant pathogens , 

One potential solution to these problems is 
the use of a synergistic combination of ant i infective 
$ agents, that requires- relatively low concentrations of 
individual anti infective agents which nay have dif- 
fering patterns of bioavailability. 

Two well-known antiinfective agents are 
ehlorhexidine and triclosan. The following patents and 

10 patent application relate to the aee of chlorhexidine 
and/ or triclosan in medical devices, 

United States Patent Ho. 4* 723, 950 by Lee 
relates to a microbicidal tube which may be incor- 
porated into the outlet tube of a urine drainage bag. 

IS $he microbicidal tube is manufactured from polymeric 
materials capable of absorbing and releasing anti- 
microbial substances in a controllable sustained titse 
release mechanism., activated upon contact with droplets 
of urine, thereby preventing the retrograde migration 

20 of infectious organisms into the drainage bag. The 
microbicidal tube may be produced by one of three 
processes: (1) a porous materiai, such as poly- 
propylene, is impregnated with at least one micro- 
bicidal agent, and then coated with a hydrophilic 

25 polymer which swells upon contact with urine, causing 
the leaching out of the microbicidal agent; {2} a 
porous material., such as high density polyethylene, is 
impregnated with a hydrops. iiic polymer and at least one 
microbicidal agent; and {%} a polymer, such as 

30 silicone, is compounded and co-extruded with at least 
one microbicidal agent, and then coated with a hydro™ 
phi lie polymer, A broad range of microbicidal agents 
are disclosed, including chlorhexidine and triclosan, 
and combinations thereof* The purpose of Lee's device 
35 ,1s to allow the leaching out of microbicidal agents 
into urine contained in the drainage bag? similar 
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leaching of microbicidal agents into the bloodstream of 
a patient taay be undesirable. 

United States Patent m. 5,091,442 by Kilner 
relates to tubular articles, such as condoms and 
5 catheters, which are reiidered antimicrobial ly effective 
by the incorporation of a non-ionic sparingly soluble 
antimicrobial agent, such as triclosan. The tubular 
articles are made of materials which include natural 
rubber, polyvinyl chloride and polyurethane, Antisu- 

10 crohial agent may be distributed throughout the 

article, or in a coating thereon. A condom prepared 
from natural rubber latex containing 1% by weight of 
triclosan, then dipped in an sgueous solution of chlor- 
hexidine, is disclosed, United States Patents Nos. 

IS 5,180,605 and 5, 261,421, both by Milner,, relate to 
similar technology applied to gloves. 

United States Patents sos. S, 033,480 and 
5,205,251, both by Curtis et al., relate to dental 
floss prepared fro* expanded polytetraf luoroethylene 

20 (TOS) and coated with micr ©crystalline wax, Anti- 
microbial agents such as chlorhexidine or triclosan may 
be incorporated into the coated floss. 

United States Patent Ho. 5,200,194 toy Edgren 
ef al, relates to an oral osmotic device comprising a 

25 thin semipermeable membrane wall surrounding a com- 
partment housing a ^beneficial agent" (that is at least 
somewhat soluble in saliva) and a fibrous support 
material composed of hydr ophidic water- insoluble 
fibers. The patent lists a wide variety of "beneficial 

3D agents" which :«,;<>• be incorporated inro the oral osmotic 
device, including chiorhexldine and triclosan, 

United States Patent Ho. 5,019, 096 by Fox., 
Jr. et al. relates to infection-resistant medical 
devices comprising a synergistic combination of a 

35 silver salt (such as silver sulfadiazine) and eh lor- 
hexidine. 



International Patent Application Ua< 
FCT/GS92/01481 , Publication No, WO 93/02717, relates to 
an adhesive product comprising residues of a eopoly- 
merisable ejaulsifier comprising a jaedicament, which eay 
5 tee povidone iodine, triclosan, or chlorhexidineu 

In contrast to the present invention, none of 
the above-cited references teach medical articles 
comprising synergistic combinations of chlorhexidine 
and trielosan which utilise relatively low levels of 
.10 these agents. 

3. othmmy or urn zwfmxm 

The present invention relates to polymeric 
medical articles comprising the anti infective agents 

15 chlorhexidine and trielosan < It is based, at least in 
part* on the discovery that tfee synergistic relation- 
ship between these compounds permits the use of rela- 
tively low levels of both agents, and on the discovery 
that effective antimicrobial activity may he achieved 

20 when these compounds are comprised in either hydro- 
philic or hydrophobic polymers, it is also based on 
the discovery that chlorhexidine free base and tri- 
elosan, used together, are incorporated into polymeric 
medical articles more efficiently. Medical articles 

25 prepared according to the invention offer the advantage 
of preventing or inhibiting infection while avoiding 
undesirably high release of ant iinf active agent, for 
example into the bloodstream of a subject. 
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4 . I > * i ^ 1 « ! ' N " I > * ^ N 1 ! " 

•*b* psreserit indention relates to medical 
articles comprising synergistic combinations of chlor~ 
hexidine and triciosan,, 

Chiorhexidine may toe provided toy way of any 
form, salt or derivative thereof, including tout not 
limited to 

ohiorhOK.id.ine free base and chiorhexidine salts such as 
chiorhexidine diphosphanilate, chiorhexidine diglu- 
eonate, chiorhexidine diaeefate, chiorhexidine &ihy~ 
droehloride, chlortoeseidine diehiori.de, chiorhexidine 
dihydroiodide, chiorhexidine diper chlorate, chior- 
hexidine dinitrate, chiorhexidine sulfate, chior- 
hexidine sulfite, chiorhexidine thiostulfate, chior- 
hexidine di~acld phosphate, chiorhexidine difluoro- 
phosphate, chiorhexidine dlf ornate, chiorhexidine 
diprcpionate, chiorhexidine &i~i©dobutyrate , Ohler- 
hexidine di-n-valerate, chiorhexidine dieaproate, 
chiorhexidine maionate, chiorhexidine succinate, 
ehiorhexidine malate, chiorhexidine tartrate, 
chiorhexidine diisonoolycolate, chiorhexidine mom" 
diglycolate, chiorhexidine di lactate, chiorhexidine di- 
a~hydroxyisobutyrate, chiorhexidine diglucoheptonate, 
oh 1 orhexidine d i~ isothionate , chiorhexidine dibensoate , 
chiorhexidine dieinnamate, chiorhexidine dimaodelate, 
chiorhexidine di-isophthalate, chiorhexidine di-2- 
hydroxynapthoate , and chiorhexidine emhonats. The term 
^chiorhexidine*, as used herein, may refer to any of 
such forms, derivatives, or salts, unless specified 
otherwise, chiorhexidine salts ssay he soXuhillsisd using 
polyethylene glycol or propylene glycol, or other 
solvents known in the art. 

The term triclosan refers to a compound also 
'known as 2,4*4' ~tr ichlor o~2 * ~hy droxydipheny.1 ether. 

Medical articles that may toe treated 
according to the invention are either fabricated from 
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or coated or treated with biomedical polymer and 
include, but are not limited t©> catheters including 
urinary catheters and vascular catheters (e.g. peri- 
pheral and central vascular catheters) , wound drainage 
5 tubes, arterial grafts, soft tissue patches, gloves, 
shunts, stents, tracheal catheters, wound dressings, 
sutures, guide vires and prosthetic devices (e*g, heart 
valves and LVADs) ♦ Vascular catheters which may be 
prepared according to the present invention include, 

10 but are not limited to, single and multiple lumen cen- 
tral venous catheters, peripherally inserted central 
venous catheters, emergency infusion catheters, percu- 
taneous sheath introducer systems and thermodilution 
catheters, including the hubs and ports of such yascu- 

IS lar catheters. 

The present invention may be further applied 
to medical articles that have fo«©n prepared according 
to united states Patent Ho. 5,019,096 by Fok, Jr> et 
al. 

SO The present invention provides, in various 

alternative nonlimifing embodiments, for; (I) com- 
positions which provide a local concentration of color- 
hexidine of between 100 and 2000 ug/ml and a local con- 
centration of trielosan of between 250 and 2000 pg/ftl; 

2 5 {2} treatment solutions of a polymer comprising between 
1 and S percent, and preferably between 1.5 and 2 .25 
percent, of chlorhexidine? and between .5 and 5 
percent, and preferably between .5 and 2 percent, of 
trielosan, wherein a medical article may be dipped or 

30 soaked, in the polymer solution? {3} medical articles 
treated with a treatment solution as set forth in (2) 
above, and articles physically equivalent thereto (that 
is to say, articles prepared by a different method but 
having essentially the same elements in the same pro- 

35 portions) ? (4) treatment solutions of a polymer com- 
prising between 1 and 5 percent, and preferably between 
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1,5 and 2,2 5 percent, of chlorhsxidine .: between * S and 
5 percent , and preferably between ,5 and 2 percent, of 
triclosan; and between .5 and .1 percent (preferably .75 
percent) of silver sulfadiazine., wherein a medical 
5 article may be dipped or soaked in the polymer solu- 
tion; and (5) medical articles treated with a treatment 
solution set forth in £4} above, and articles physi- 
cally equivalent thereto (that is to say, articles 
prepared by a different method but having essentially 

10 the same elements in the same proportions) . Percentages 
recited herein refer to percent by weight, except as 
indicated otherwise . 

In preferred embodiments, the ratio, by 
weight, of the total amount of antiinf active agent to 

15 polymer in the treatment solution is less than 1,5. 

In one particular non~ limiting embodiment, 
the present invention provides for a hydrophilie 
polymeric medical article (i.e., a medical article 
fabricated from a hydrophilie polymer) treated by 

20 dipping or soaking the article in a treatment solution 
of a hydrophilic polymer comprising chlorhexidine and 
triclosan wherein the chlorhexidine and triclosan are 
present in amounts such that their combination, in the 
treated article, has effective antimicrobial activity. 

25 The terms "treat*, "treated** , etc. , as used herein, 

refer to coating, impregnating, or coating and impreg- 
nating a medical article with polymer / anti infective 
agent. The term "hydrophilic polymer", as used herein, 
refers to polymers which have a water absorption 

30 greater than 0,6 percent by weight {and, in preferred 

embodiments, less than 2 percent by weight.; as measured 
by a 24 hour immersion in distilled water, as described 
in KSTM 1 > at ion 0570-81} including, but not limited 
to biomedical polyure thanes (e.g. ether-based poly- 

35 urethanes and ester- based pi iyurethanes f as set forth 
in Baker, i§87, in Controlled Release of Biologically 



Active Agents, John Wiley and, Sons, pp. 175-17? and 
belah and Cooper, 1986, Polyar&thm&s in Medicine* , CRC 
Press, incs , Fla« pp. 57-67; poiyurethanas comprising 
substantially aliphatic backbones such as 1?*c©£lex« 
5 93A| polyuratfa&nes comprising substantially aromatic 
backbones such as Teeotha»e% : .and S^ilethane*) , 
poly lactic acid, polyglycolic acid,, natural rubber 
latex, and gauze or water-absorbent fabric, including 
cotton gauge and silk suture material* In a specific, 

10 nonlimiting embodiment, the bydrophiiic medical article 
is a polyurethane catheter which has been treated with 
(i ,e« , dipped or soaked in) a treatment solution com- 
prising (i) between about 1 and 10 percent, preferably 
between about 2 and s percent, and more preferably 

IS.- about 3 percent, of a biomedical poly or ethane; (ii) 

between 1 and 5 percent, and preferably between l>5 and 
2.25 percent, of ehlorhexidine? and (iii) between .5 
and 5 percent, and preferably between .5 and a percent, 
of trielosan. In related non limiting embodiments of the 

20 Invention, the treatment solution may further comprise 
silver sulfadiazine, preferably in a concentration of 
between .5 and I percent (more preferably .75 percent). 
Section 6, below, presents working examples of embodi- 
ments set forth in this paragraph. 

25 In another particular non-limiting embodi- 

ment, the present invention provides for a bydrophiiic 
polymeric medical article treated by dipping or soaking 
the article in a treatment solution of a hydrophobic 
polymer comprising ehlorhexidine and trieiosan, wherein 

30 the chlorhexidine and triciosan are present in amounts 
such that their combination, in the treated article, 
has effective antimicrobial activity- The term "hydro- 
phobic poiymer« f as used herein., refers to a polymer 
which has a water absorption of less than 0.6% and 

35 includes, but is not limited to, silicone polymers such 
as biomedical silicones (e.g., Silastic Type A) or 



elastomers (&*g. f as set forth in Baker, 198? , in Con- 
trolled .Release of Biologically Active -Ji&siits, John 
Wiley ami Sons, pp. 336-162) , Bacron, polytetra- 
fluoroethylene (PTFE, also "Teflon* } , poly vinyl ehior- 
5 id©, cellulose acetate, polycarbonate, and copolymers 
such as silieone-polyurethane copolymers (e.g. ( PTOE 
203 and FTUE 205 polyurethane-si lieone interpenetrating 
polymer) , In a specific, nonlimiting embodiment, the 
medical article is a polyur ethane catheter which has 

10 been dipped or soaked in a treatment solution com- 
prising, (i) between about 1 and 10 percent, preferably 
between about 2 and 6 percent, and more preferably 
about 3 percent, of a poiyurethane - silicone copoly- 
mer; (ii) between X and 5 percent, and preferably 

IS between X.5 and 2.25 percent, of chlorhexidine, and 

(Hi) between ,5 and 5 percent, and preferably between 
•*:S and a percent, of triclosan. In related nonXlmtting 
embodiments of tbe invention, the treatment solution 
may further comprise silver sulfadiazine, preferably in 

20 a concentration of between ,5 and I percent (more pre- 
ferably .75 percent). Section 7, below, presents 
working examples of embodiments set forth in this 
paragraph « 

In another particular non-limiting embed i- 
25 ment, the present invention provides for a hydrophobic 
polymeric medical article treated by dipping or soaking 
the article in a treatment solution of hydrophobic 
polymer comprising chlorhexidine and triclosan, wherein 
the chlorhexidine and triclosan are present in amounts 
30 such that their combination, in the treated article, 
has effective antimicrobial activity* In a specific, 
noniimiting embodiment, the medical article is a sili- 
cone catheter or a polyvinyichloride catheter which has 
been dipped or soaked in a treatment, solution com- 
35 prising ix) between about 1 and 10 percent, and pre- 
ferably about S percent, of a silicone polymer? ( 1 i. ) 
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between 1 and 5 percent, and preferably between 1.5 and 
2.25 percent, of chlorbexidine? and {.Hi} between .5 
and S percent, and preferably between .5 and 2 percent, 
of trieiosan. In related nonlimiting embodiments of the 
5 invention, the treatment solution may further comprise 
silver sulfadiazine, preferably in a concentration of 
between .5 and 1 percent {more preferably .75 percent). 
In still other related embodiments a coating of a 
hydrophobic polymer may foe applied over the treated 

10 article. Section 8, below, presents working examples of 
embodiments set forth in this paragraph. 

In another particular non-limiting embodi- 
ment, the present invention provides for a hydrophobic 
polymeric medical article treated by dipping or soaking 

15 the article in a treatment solution of hydrophilic 

polymer comprising ehlerhexidins and triclosan, wherein 
the chlorhexidine and trieiosan are present in amounts 
such that their combination, in the treated article, 
has effective antimicrobial activity. In a specific, 

20 nonlimiting embodiment, the medical article is a 

silicone catheter or Teflon graft which has been dipped 
or soaked in a treatment solution comprising (i) 
between about 1 and 10 percent, preferably between 
about 2 and 6 percent, and more preferably about 3 

25 percent, of a biomedical polyurethane polymer; (ii) 

between 1 and 5 percent, and preferably between 1,5 and 
2.25 percent, of chlorhexMine; ana (iii) between ,5 
and S percent, and preferably between .5 and 2 percent, 
of triclosaru In related nonlimiting embodiments of the 

30 invention, the treatment solution may further comprise 
silver sulfadiazine, preferably in a concentration of 
between .5 and 1 percent (more preferably ,75 percent) . 

Medical articles prepared according to the 
invention may be treated on their external surface, 

35 internal surface f or both, For example, and not by way 
of limitation, where the medical article is a catheter, 
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the internal surface and/or external surface of the 
catheter may foe treated according to the invention. 
For example, where it is desired to treat tooth internal 
and external surfaces, an open-ended catheter may be 
5 placed in a treatment solution such that the treatment 
solution fills the catheter lumen. If only the 
external surface is to come in contact with treatment 
solution, the ends of the catheter may be sealed before 
it is placed in the treatment solution. If only the 
internal surface is to coma in contact with treatment 
solution, the solution may fee allowed to pass through 
and fill the lumen but the catheter is not immersed in 
the treatment solution* 

Successful treatment of a medical article 
with a polymer comprising an antiinfeetive agent may foe 
problematic, particularly where the medical article has 
a hydrophobic surface. The adherence of the polymer may 
depend upon {1} the polymeric matrix in which the anti~ 
infective agent is suspended; {2} compatibility (or 
lack thereof) between the agent -polymeric matrix and 
the surface of the article; (3) the solvent system? and 
{4} the thickness of poiymer/anti infective agent desir- 
ably applied. Furthermore, the rates of release of 
various ant i infective agents from diverse polymers may 
differ. For example, the rate of release of cfoior™ 
hexidine from a silicone matrix is faster than the rate 
of release of silver sulfadiazine from the same matrix. 
In order to compensate for this difference, one poten- 
tial solution would be to increase the amounts of 
chlorhexidine and silver sulfadiazine in the matrix. 
Unfortunately f polymers comprising high levels of 
ehiorhexidine and silver s ine have been found 

to adhere poorly to silicone catheters. In order to 
provide an alternative solution to the problem, two 
different methods for treating medical articles have 



been developed t a one step method, ami a two-step 
method, both of which are set forth below, 

According to the one-step method of the 
Invention, a polymeric medical article, may fee treated 
with a solution comprising one or more antiinf active 
agent, and optionally containing a biomedical polymer, 
dissolved in one or more solvents, wherein the sol- 
vent(s) selected are capable of swelling the polymeric 
medical article to foe treated; such a solution Is 
referred to herein as an "impregnating solution 5 ', and 
the process by which the article is treated with anti- 
infective agent is referred to as "impregnation** . suit- 
able solvents include, but are not limited to, tetrahy- 
droiuran (»THF») , dichioromethane, cartoon tetra- 
chloride, methanol, ethanol, methyl ethyl ketone, 
heptane, and hexane, and mixtures thereof. The bio- 
medical polymer may be hydrophilic or hydrophobic, and 
includes the various polymers set forth above* 

If a hydrophilic polymeric medical article is 
to be impregnated with ehiorhaxidine and triclosan, the 
impregnating solution may, in specific nonlimiting 
embodiments, comprise the following (percentages of 
solvents in this paragraph being volume/ volume) ; (1) 
95% ethanol; (2} 70% ethanol/30% water; (3) 50% 
ethanol/50% water; {4} 30% reagent alcohol/ ?Q% THF 
containing 2-3% of a biomedical polyurethane; (5) 90% 
reagent alcohol/ 10% THF; or {6} 100% reagent alcohol* 
Preferred soaking times vary between S minutes and 1 
hour - 

In specific, non limiting embodiments of the 
invention, a hydrophilic medical article such as a 
polyurethane catheter may be impregnated using a sol- 
vent mixture of ?0~$0% ethanol and 10-30% water and 
ehlorhaxidine and triclosan for between 10 and 60 
minutes. The article may then be dried for 24-48 hours, 

If a hydrophobic polymeric medical article is 



-13- 



to be impregnated with chlorhexidine and tricloaan, the 
impregnating solution stay, in specific nonlimiting 
embodiments, comprise the following {percentages of 
solvents In this paragraph being volume/ volume) : {1} 
5 10% methanol /90% THF; (2) 10% ethanol/90% THF; $3) 30% 
methanol/ 70% THF? <4) 30% ethanol/70% THF; (5) 1-5 
percent silicone polymer in 10% methanol/ 30% THF; (6) 
1-5 percent silicone polymer in 10% ethanol/90% THF ; 
(?) i-2 percent, poly lactic acid in 10% methanol/90% 

10 THF; (8) 1-2 percent poly lactic acid in 10% ethanol/90% 
THF; (9) 1-5 percent silicone polymer in 30% meth- 
anol/70% THF? (10) 1-5 percent silicone polymer in 30% 
ethanol/70% THF; (11) T~3 percent poXyXaetie acid in 
30% methanol /70% THF; (12) 3.-2 percent poly lactic acid 

15 in 30% ethanol/70% THF; (13) 1-5 percent silicone 
polymer in 100% methyl ethyl ketone; and (14) 1-2 
percent pclyurethane in 30% ethanol/70% THF, For 
specific examples,, see Section 15, below. 

In specific embodiments, the .impregnating 

20 solution comprises between 0.2 and 10 percent 

antiinfeetive agent and between 0.5 and 4 percent 
feiomed ica I po Xymer . 

The medical article, or a portion thereof, 
may be immersed in the impregnating solution to swell, 

2$ after which the article may he removed and dried at 

room temperature until all solvent has evaporated and 
the article is no longer swollen. During the swelling 
process, antiinf ective agent (and small amounts of 
polymer when present in the impregnating solution) may 

30 he distributed within the polymeric substrate of the 
article; during drying, the antiinf ective agent and 
biomedical polymer (where present) may migrate somewhat 
toward the surface of the article. After drying, the 
article may be rinsed in either water or alcohol and 

35 wiped to remove any excess antiinf ective agent and /or 
polymer at the surface, This may leave a sufficient 
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amount, of anti infective agent just below the surface of 
the article, thereby permitting sustained release of 
the agent over a prolonged period of time, Anti» 
iftfectivs agents which may fee incorporated by this 
5 process include but are not limited to chlorhexidine, 
trielosan, silver sulfadiazine, parachiorometaxyiene, 
bensalkoniuR chloride, bacitracin, polymyxin, mico- 
nazole and rifampicin, as well as combinations thereof. 

In preferred, noniimiting embodiments of the 
JO invention, synergistic combinations of ehlorhexidxne 

and trielosan may foe dissolved in a mixture of methanol 
and tetrahydrof ursn to produce an impregnating solution 
that »&y be used to render a silicone catheter anti- 
infective t 

13 In one specific, non limiting example, the 

amount of cblorhessidine may be between J and 5 percent 
and preferably between 1.5 and 2.25 percent of the 
impregnating solution, and the amount of triclosan may 
be between .5 and 5 percent, and preferably between ,S 

20 and 2 percent. The resulting impregnating solution may 
further contain between 1 and 10 percent and preferably 
between 2 and 4 percent of a biomedical polymer such as 
a silicone polymer Silastic Type A), poly- 

ur ethane, or polycapr ©lactone » Speci fic examples of 

25 the one-step method are provided in Section 12 below. 

According to the two-step method of the 
invention, the one-step method may be used to impreg- 
nate a medical article with ant i infective agent, and 
then the medical article may foe dipped into a polymeric 

30 solution and dried. This method forms a polymeric 

coating on the article and further controls the rate of 
release of antiinf ective agent. When the two step 
method is practiced, the biomedical polymer may be 
omitted from the first, soaking step. Optionally, an 

35 ant i infective agent may further be comprised in the 

polymeric coating.* In a specific, n-on limiting example, 
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a silicons catheter may be dipped in a mixture of 
methanol and tetrahyarofuran containing between afoant 1 
and 5 percent, and preferably between 1.5 and 2.2$ per- 
cent, of chlorhexidine;: between .5 and 5 percent and 
5 preferably between J and 2 percent of tr.icl.osan; and 
between I and 10 percent,- and preferably between 2 and 
4 percent, of a biomedical polymer (preferably a sili- 
cone polymer such as Silastic Type A) for about 30 
minutes , dried, and then dipped in a higher concen- 

10 trati.cn {but lees than 10 percent) of Mopedic&l poly- 
mer dissolved in a suitable solvent* For example, teat 
not by way of limitation, a coating may be applied 
using a solution of 30% ethanol/70% TKF containing 2-3 
percent of a biomedical poiyarethane , or a solution of 

IS 1-5 percent of Silastic Type A. 

Alternatively, a hydrophiiie medical article, 
such as a polynretteane catheter, »ay foe impregnated 
with one or more antimicrobial agent and then coated 
with a polymer. 

20 Examples of the two-step Method are set forth 

in Sections 0, 16 and 17 below. 

As set forth, in Section 17, below, .It has 
farther been discovered that when medical articles were 
treated with mixtures of chlorhexidine free base and 

25 triclosan, uptake of chlorhexidine and triclosan was 
enhanced, and the antimicrobial activity of such 
articles was improved. While not desiring to he bound 
to any particular theory, it is believed that chlor- 
hexidine free base and triclosan form a complex with 

30 improved solubility. The foregoing effect was observed 
when chlorhexidine free base and triclosan were com- 
bined in a respective molar ratio of 1:2; according to 
the invention, chlorhexidi.no free base and triclosan 
may be dissolved in a solvent or solvent system at 

35 chlorhexidine free tea-set triclosan molar ratios of l;l. 

to li-3. The total weight percent of chlorhexidine free 
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basse plus triclosan is totwen i and 10 percent. The 
chlorhexidins free base and tricXosan may be dissolved 
in a solvent system comprising water, alcohol,, or 
tetrahydrofuran, and mixtures thereof,, to produce an 
5 impregnating solution.- In one specific, non-limiting 
example of the invention, a ItZ ratio of chiorhexidine 
free base and triclosan stay fee dissolved in a solvent 
system which is 70 percent tetrahydrofuran and 3 0 
percent reagent, alcohol. A medical article, for 

■* ' Is, a polyurethane article, stay fee impregnated 
with chiorhexidine free bese/triclosan by immersing the 
article in such an impregnating solution so that the 
medical article swells without losing substantial 
structural integrity. After impregnation, the article 

15 may be dried, and then optionally coated with a poly» 
merle solution, according to the two-step method set 
forth amove. 

Antiinf active medical articles prepared fey 
other methods (e.g., extrusion, casting) but being 

20 otherwise substantially the same as articles produced 

fey dipping or soaking, are within the scope of the 

claimed invention, 

4,1 EXAMPLE: CQK8XH&T10NS OF CHLOEHEX I D I M E AND 
T&ICLO&AN EXHIBIT SYNERGISTIC ACTIVITY 

£5 \u h\ •■ \- ,, - .v 

Various concentrations of chiorhexidine 

diaeetate ( «CHA* } and/or triclosan pTC«) were 
dispensed in 1.0 ml trypt lease soy broth {"TSB") 

30 containing 20 percent bovine calf serum («BCS«) and 
inoculated with io 7 colony-forming units («CF0«) of 
Staphylococcus aureus. After one minute, the cultures 
were diluted with drug- inactivating medium (is 100 
dilution in LTS8 drug inactivating medium, which is 5% 

35 Tvean 80, 2% lecithin, 0.6% sodium olsate, 0,5% sodium 
thiosulfate, 0.1% protease peptone and 0.1% tryptone) 
and 0.2 ml of the diluted culture was subcultured on a 
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trypt lease soy agar plate for the determination of 
colony counts. The results,, shown in Table I, demon- 
strate the synergistic activity of combinations of 
chlorhexidine and triclosan. For example, whereas 500 
5 micrograms per milliliter of CBA causes an approx- 
imately 17-fold decrease in CFD, and 500 micrograms per 
milliliter of triclosan causes an approximately 2400- 



fold decrease, the t 


sombinat ion of thes 


jo agents is 


associated with sser< 
decrease. 


> CPU, an at least 


i x 10 7 -fold 


Ant i infective 
CFO/mX 

ISiv 

cm 

cm 




'Ml . 1 ® >uto 


2000 

1000 


2.1 X 10 3 
5,0 K 10* 


CHA 


500 


6,0 X 10 s 


TC 


500 


4.2 X 10 s 


TC 


250 


2,0 X 10 s 


CHA + TC 


2000 * 50G 


0 


CHA + TC 


2000 + 250 


0 


CHA + TC 


1000 + 250 


0 


CHA f TC 


500 + 500 


0 



.1.0 X 10 7 



4. :X H5 ?| MS OS 8 

IRlClu I VE THAN 

: mi im ion i hloehexi hut - s ? 

SULFAD s iFN APPLIED TO H'£ DSOFH I L I C 

Poiynrethane central venous catheters 
fabricated Of Tecoflex poXyerethane were dipped in 

solutions containing a percent of a .biomedical poly- 
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urethane (Teeoflex 93~h; "Pit") and gha, TC and/ or 
silver sulr&diasine <«AgSD«> dissolved in 30 percent 
ethane! and 70 percent tetrahydrof ursn ( «THF» ) (v/v) 
and air-dried. Bacterial adherence on these catheters 
as follows. & 2 cm segment of dipped 

in 3 ml TSB containing 10 per- 
cent BCS and incubated in a water bath shaker at 3?» C. 
The media was changed daily. After 2 days the catheter 
segments were removed and transferred to fresh media 
containing 10 6 CFU/ssl of Staphylococcus aureus a«d 
incubated for 24 hours. The segments were removed, 
rinsed with saline, and then suspended in LTSS drag- 
inactivating medium and sonicated for 20 minutes to 
remove the adherent bacteria. Aliquots from the L$S8 
extract were then subeultured on trvptica.se soy agar 
plates to determine colony counts. The results are 
presented in Table XX, and demonstrate that com- 
binations of cm and TC are superior in prevent ing 
hacterial adherence when compared with CHA alone or in 
with AgSD. 



3% P0 4 2.5% CHA 5 X 10 4 

3% PU * 1.5% CM 4 0.75% AgSD £ X XO 4 

3% PD 4 1.5% Cm 4 1% TC 5 

3% PU * !.&% CHA + 0.75% AgSD 4- 1% TC 40 

In additional experiments, addition segments 
of the same type of poXyurethane catheters coated with 
CPA f TC and /or AgSD were tested for the ability to pro- 
duce rases of inhibition in trypticase soy agar plates 
seeded with 0.3 ml of 10 s CFU of Staphylococcus aureus, 
Entmrohact&r cloaca®, Candida albicans t &i 
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aeruginosa. The coated catheter segments were placed 
vertically on the seeded plates, which were then incu- 
bated for 24 hoars at 37* C before the zones of inhi- 
bition were measured, The results, shown in Table 1X1, 
5 demonstrate the superior effectiveness of mixtures of 
chiorhexidine and triclosan, 







gone Of inhibition (wr) 
Coatings ABC 


8.... 




5, 


aureus X4.S 15,0 13.0 


16,5 




B. 


cloacae 9,0 12.0 7.5 


3.0 


15 


C* 


albicans 12.0 12,0 11,5 


0 




Sh 


aeruginosa 12.5 xsus X2,D 
* coating h* 3% Pi? + 2.35% Cm 

coating B*» 3% WQ * l.?S% CHA 4- 0,5% TC 
coating o 3% pu 4- i.?s% CHA + 0.5% AgSD 


0 


20 




coating D* 3% po * p. 5% AgSD + i.?s% TC 








4.3, EXAMPLE; H¥BR0!PHXLXC CATHETERS COATED WITH 

IHEXIDIhE 


2 5 




The antimicrobial effectiveness of poly- 



urethane central venous catheters (fabricated fro® 
Teeof lex 93-A polyur ethane) coated with chiorhexidine 
diaoetate and either triclosan or silver sulfadiazine 
in two polymeric coatings of differing vater absorption 

30 were tested. The polymeric coatings, applied as set. 

forth in Section 6 above, comprised either polyurethane 
93A <«Pu 9 3 A") , a hydrophilie polyurethane having a 
water absorption of about 1-2 percent or polyurethane- 
silicone interpenetrating polymer ("PTUE 205") a hydro- 

35 phobic siiieone-polyur ethane copolymer having a water 
absorption of only 0,4%. Antibacterial activity was 
measured by sones of inhibition, using methods as set 



forth in Section 6, above. The results, as regards 
antibacterial activity toward staphylococcus mxrsus, 
Enterobacier cloacae, and Candid® albicans at days i 
ana 3 of culture, are shewn in fables IV, v and VI, 
5 respectively, and demonstrate that combinations of 
chiorhexidin® diacetate and triclosan were effective 
when comprised in hydrophilic {PO S3A) as well as 
by&rophofaic (PTSE 205) coatings. 

1.0 



IS 

3% 205 + 

1.5% CHA * 1.5% fcC 16.0 11,0 

3% PTUE 205 

2% CHA 4 0.75% AgSD 14. S 11,0 

20 3% FU 93A f 

1,5% CHA + 1.5% TC 16.0 11.5 

3% PU 93k + 

2% Cm * 0.75% Ag&D 14.5 11.0 

25 « V 

Mtibasterla^.^vlt^^^ ..cloacae 

Sons of inhibition (jam) 
30 Coating SlXJk &§J£_1 

3% PTUE 205 + 

1,5% CHA * 1.5% m 12.0 6,0 

3% PTUE 205 

2% CHA + 0.75% AafSD 8.5 0 

35 3% PS 93 A + 

1.5% CHA * 1.5% TC 11.0 7.0 

3% PU ©3A 4 

2% CHA 4- 0,75% AgSB 7.0 0 
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gone of Inhibition (jam) 
S Coating Day .1 Day 3 

3% FTUE 205 4 

1,5% cm 4 1.5% TC 11,0 7,0 

3% PjliS 205 

2% CHA + 0*75% &gS33 12*0 9.5 

10 3% PU 93A * 

1,5% CH& 4 1.5% TC 12,3 7,0 

3% Pi? 93A + 

2% CEft * 0,75%' AgSD 10x0 ,S» : 5 



15 4*4. EXAMPLES HYDROPHOBIC W I I:: AT ED * 

HYDROPHOBIC POLYMER COMPRISING CHLQRHEXIDIME 

have M??HicRQg?.^ Afflrcym- 

Silicons central v«no«s catheters fabricated 
frtfm Dow corning Q7-4765A silicone polymer or Q7-476SS 

20 silicone polymer w«r® ihsed to determine the effective- 
ness of impregnation with hydrophobic polymers com- 
prising ch.iorhexid.ine diaeetate and triclosan on 
hydrophobic substrates. The silicons catheters were 
soaked for about 30 minutes in a solution of 5 percent 

2S methanol ana 95 percent $EF (v/v) comprising (i) 2 
percent medical adhesive silastic Type A and til) 
ehlorhexidine diacetata and either triclosan or silver 
sulfadiazine x The dipped catheters were dried and then 
dipped in a solution of 5 percent methanol and 95 par- 

30 cent THF (v/v) containing 5 percent Silastic Type & 

(«SilA«>, and dried again. The catheter segments were 
then tested for the production of zones of inhibition 
on trypticase soy agar plates inoculated with s. aureus 
or E< cloaca®, The results are presented in Table VI J. 
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msxjs vis 

gone Of Inhibition (vm) 
Treatment £^ 

21 8 i I A 4 1.5% OKA + 

0.5% TC, then 5% Si I A >50 21 

2% SUA + 1,5% CHA + 

0,5% Ag5D, then 5% SUA 1? 15 

10 

4„§, EXAMPLE; TRXCtOSAJf EXHIBITS PROLONGED 

Silicons central venous catheters fabricated 
from Dow Corning Q7-4765A silicon© polymer or Q7-47S5B 
.15 silicone poller were treated as -mt forth in section 
a f above,, and then., immediately after drying, were 
extracted in dichloromethane/methanol/water 
(50%/25%/25%, v/v) in oraer to detemine the amount of 
agent contained in the catheter segment tested (i.e. f 

20 the uptake) » To determine the rate of drug release,, 
catheter segments were suspended in sal. ins and incu- 
bated at 37* C for up to seven days; the saline was col- 
lected and replaced with fresh saline on the first day 
and every 48 hours thereafter, and the amount of drug 

25 present in the collected saline was measured. The 
results are presented in Table VI II, 



wo mams 



VIII 

Uptake Release (ttq/cm) 

*tzm& Qjo/csfij Dayl Day.'; f-; i 

g ma 

2% Sil& * 

2% CHA, then 

5% SUA 60 28.0 4,1 3.1 2.6 

2 0 2% Si! A + 
2% TC. 
5% SUA 



24 TC ' 



Silicone catheters impregnated with Silastic 

Type A comprising either 2% trieiosan or 2% chlor- 
.hex.id.ins di acetate were then tested for the ability to 
produce zones of inhibition on trypt lease soy agar 
plates inoculated with 5. aureus, jr. cloacae, C» 
albicans, or F. aeruginosa. The results of these 
experiments are show in Table IX, and demonstrate that 
when higher concentrations of trieiosan or chldr- 
hexidine diaeetata alone were used, trie losan-ttrea ted 
catheters were found to be equally or »«re effective 
than CHft-treatad catheters. 

Zones Of Inhibition (mm) 
Treatments; 2%SilA »^2*ca* T 2% SiIA 

{&£l Day 3 Daxl &aX2 



35 S* 




17 . 5 


16.0 


>50 


>50 




cloaca® 


15,0 




40,0 


40. 


C, 


albicans 


.13,5 


6.0 


13.0 


13. 


40 3>« 




sa 13,0 


0 


8.5 


0 
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4.5, EXAMPLE: UPTAKE OF CHI.-OEKEXIDINF. 
? 'M ■ .. = ' 1 i * — 

Arterial grafts fabricated from polytetra- 
fluoroethylens C«FTFE*} were cut into segments and 
impregnated with Silastic "type A comprising chlor- 
hexidine diaeetate or triclosan in 30% methanol/70% THF 
(v/v) , in proportions set forth below. The treated 
grafts were then extracted with dichloro- 
methane /methanol /water {50%/25t/2$%, v/v) , and the 
amounts of solubilised antiinf active agents were 
determined . Table X shows the uptake of agent by the 
treated grafts. 

TABLE £ 

Treatment A9fBt....t ^t ake,....L^£S^X 
2% SilA -i- 2% CHA 395 
2% SUA * 2% TC 2435 



« EXAMPLE; U ^ OF 

UCATED FROM TEFLON, 
BACRON OF FPRft BSR LATEX AND 

MBXP7 OF 



Chlorhexidine diaeetate and either triclosan 
or silver sulfadiazine., in proportions set forth below., 
were dissolved in 5% methanol/95% THF (v/v) . Segments 
of Daeron grafts, FTFE grafts, and natural rubber latex 
urinary catheters were then soaked in the resulting 
solutions for 15 minutes to impregnate the segments 
with antiinf active agents. This procedure allows the 
polymer substrates of the devices to incorporate anti- 
infective agent. The segments were then removed from 
the soaking solution, dried, rinsed with water, and 
wiped. The ability of the treated segments to produce 
sones of inhibition on trypticase soy agar plates 
inoculated with 5. aureus and B, cloacae was then 
tested. The results, shown in Tables XI ~ XII x, 
demonstrate that the combination of chlorhexidine and 
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pared to the combination of cblorhexidine and silver 
sulfadiazine. 




5% -CHA 4 0.5% TC 
1.5% Cm * 0.75% AgSD 



ing;,,Solutl 



Of Inhibition {»,} 



5% CHA + 0.5% TC 26,0 20. 0 

1.5% CHA + 0*75% &qm X8.0 1.2,0 



4,7. EXAMPLE; ANTIMICROBIAL EF'FECTIVSHESS OF 

SI LI f>. RED BY A ONE-STEP 
M ^ ' * N * .« • 

Silicone catheters, as used in Example 8, 
were prepared by a one-step impregnation nethod as 
follows, segments of the silicone catheters were soaked 
far about 30 minutes in impregnating solutions of 90% 
THF/10% methanol |f/v] containing 2% Silastic Type A, 
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chlorheacidine, and either silver sulfadiazine or tri~ 
cloaca. The segments were then dried, and tested for 
their ability to produce zon&s of inhibition (at one 
and three days) in trypticase soy agar plates 
inoculated with 5, aureus, S> cloacae, C. albicans, and 

demonstrate the effectiveness of chlorhe*idine and tri- 



3£X¥ 



Of Inhibition (m^3 

Treatments; 2%SilA + i.S%CHA 2%SiiA + 1„5%CHA 
™±_Ju5%.„t€ „ ±...o,M...mm 



Day a Day3 M£l i>av2 





>4o 


39 


17.5 


13,5 


Jf. cloacae 


21 


21 


15 


S 


C* albicans 




7 


13.5 


& 




13,5 


6.5 


13 


S 



Additional .formulations of impregnating 
solutions wer« tested for their ability to render the 

30 same type of silicone catheter segments ant 5. infective 
against C. albicans, the microorganism which appeared 
to be inhibited only by relatively high amounts of 
antiinf active agent. Th% following impregnating solu- 
tions comprised chiorhexidine ? triciosan and either 

35 Silastic Type A, poiycaprolactone, or no polymer in a 
5% methanol /95%THF solvent, Table 2CV shows that when 
both polymer and ant i infective agent were comprised in 
the impregnating solution, higher ant iinf active 
act ivi ty was achieved , 
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Solution gone Of' inhibition Jjjjj 

S% CHA * 1% TC 12,0 

1% polycanrol&ctone 4 

5% CHA * 1% TC 13,0 

Ho polymer, 5% CHA 4 1% TC 6.5 



4,8. EXAMPLE ; DIFFUSION OF ANTXXKFECTIVE AGENTS 

pRm mm > i 1 n • 1 , : - 

IMPREGNATING SOLUTIONS WITH AND WITHOUT 
IS fy • 

The following impregnating solutions, "A" and 
*8* , w«ra used to impregnate segments of Daeron tM 
PTFE grafts. The treated grafts were then rinsed with 
saline, and the amounts of antiinf active agent 

20 incorporated into the grafts were determined, before 

and after rinsing, by extraction of antiinf active agent 
with dichlor omethane/methanol /water (50% / 25%/ 2 5% , v/ v) , 
The results, set forth in Table XVI, demonstrate that 
the addition of a polymer to the impregnating solution 

25 produces a treated medical article which exhibits 

greater retention of ant i infective agent . 

Solution A; 1% polyeaprolaetone + 0,2% CHA + 0.02% 
TC f in 5% methanol/ 95% THF (v/v) 

30 Solution B: 0.1% C8A + 0.02% TC, In 

5% ■nethanol/ 95% THF (v/v) 



WO 



5 Dacron <Sraft PTFS Graft 

Solution j B 

Solution 

10 Before rinsing 392 548 73 90 

After rinsing 353 54? 56 SS 

15 SolutionB 

Before Rinsing 405 573 50 44 

After rinsinq 132 553 24 44 

«X*MPLBi DEPG UPTAKE AKD EELEASE BY 
HVDK * i - GRATED KITH 

m£mM$^&.m..mi.cM*w » - 

25 Polyurethane central venous catheter segments 

fabricated of Tecof less 93~& $^lyurethane were impreg- 
nated .with solvit ions «c«, s *B"i ?, B", "F* ana »<3« set 
forth below by soaking the catheter segments for about 
two minutes followed! by drying and rinsing with water, 

30 Drug uptake was measured fey extracting the impregnated 
catheter segments with diOhiorossethane/ methanol /water 
(50%/ 25%/ 2 5% v/v) , Drug release was measured over a 
period of six days by suspending the catheter segments 
in saline (one 2 cm segment in 2 ml saline) , and agi- 

35 tated in a heated water bath at 37° Cj the saline was 
changed daily and drug release was measured as des- 
cribed above. The results are shown in Table 
Polyur ethane, as set. forth below, is Tecof lex 



Solution C; 3% j 4 unne -f 

3% CHA in 30% reagent alcohol/70% 

Solution D: 3% polyurethans + 3% TC in 30% 
reage ol/ 70% THF 



■ab- 



solution Ex 3% polym: ethane 4 2% CKh 4 2% TC, 
in 30% reagent alcohol /?0% THF 

Solution F; 3% CHA in §5% ethanol 

s 

solution ax 3% CHA + i% TC in 95% et&enol 

10 

Drug Release (j»g/c») 





t Ion Drag 


Ootake 


1 


2 


1 


Day 
A 


MFo. 




15 


C 


CHA 


m 


78 




20 


2.6 


0.8 


0.8 




0 




300 


0.4 


,13 


o.i 




0.1 


0,1 


20 


E 


CHA 
TC 


202 
2 30 


66 
0.4 


0.3 


<.i 


<«1 


<♦! 


<«i 




F 


CHA 


254 


15 




7.8 


2.5 


2,5 


2,5 


25 


& 


IT 


iS 


7,1 
<.l 


3*5 
<.l 


3.0 
<,1 


<,X 


0.8 


0,8 
<.l 



4. .10. EXAMPLE: RS .A : - CHLOEB :N£ AND 
30 &ECL0SAK FROM 3 M x> i 



Segments of silicone central, venous catheters 
fabricated fro® Dow corning Q?~4765fc. silicone polymer 
or Q? -47658 silicone polymer were impregnated with 
35 either solution H or I fey soaking for 30 minutes, and 
then the release of drug was measured daily fey methods 
set forth above , The results of these measurements are 
presented in Table XVIII. 

solution Hi 2% SiiA * 5% CHA in 10% methanol/90% THF 
40 (v/v) 

Solution I j 2% SilA •»■ 5% CBA + 2% TC in 
10% »ethanol/90% THF (v/v) 
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Solu- 








Daily Re 


lease (f*g/c 




tion 


Sriig 


Da VI 


Ml 




Oay-4 




H 


cm 




1.0 


0.6 


0.9 




1 


CHA 




0.9 


0.6 


0,8 






TC 


2.6 


5.6 


2,3 


l.S 


l.S 
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4,11. METHOD 0? RENDERING POLYURETHAKK 
CATHE1 s i ANT BY 

I MPR SSNAT i ON Wl N - MB I MAT I ON 

0JLC.F • . r<Z.Am3%3LQX&mt 

15 A one-step method {"Method l ,f ) and a two-step 

method ("Method 2* J were used to treat polyurethane 
catheters . 

Method i; An entire polyurethane central 
venouss catheter assembly including the hub, extension 

20 line and catheter body stay be soaked in an alcoholic 
solution containing chlorhexiain* end trielosan for a 
specific tlm period sufficient to impregnate these 
elements with ehlorhexidine and trielosan without 
altering the integrity of the polyurethane substrate, 

25 the following solvent systems and soaking times are 
suitable. The concentrations of ehlorhexidine and 
trielosan range from 0.5~5%> 
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Solvent..,.syst,e;s 

93% ethane I / 5% water 

100% reagent alcohol 

5 90% reagent alcohol/ 10% water 

80% reagent alcohol/ 20% water 

70% reagent alcohol/ 30% water 

90% ethanol/10% water 

80% ethanol/20% water 

10 70% ethanol/30% water 

20% methanol/ 10% isopropancsl 
/40% reagent alcohol 
/3£}% water 

Selection of the solvent mixture depends on 
15 the type of poiyurethane substrate and antimicrobials 
used Sot impregnation. After soaking, the catheter is 
rinsed in water for 24 to 40 hours to allow the 
catheter to regain its original integrity and size. 

20 Method 2 , A catheter impregnated with chlor- 

hesiidirse and triclosan according to Method 1 is then 
dipped in 70% THF/30% reagent alcohol/ 1-3% poly- 
urethane/ i~3% chlorhexidine/ 1-3% triclosan > 

25 Catheters prepared by Method 1 provide a 

relatively slow and steady release rate from the 
luminal surface and outer surface for a prolonged 
period of time. This pattern of drug release results 
from the relatively lower ratio of drug to poly- 

30 urethane matrix {0,015}. 

Catheters; prepared by Method 2 exhibit 
sic hruq release, The higher ratio of drug to 
poiyurethane in the outer coating {1.3) permits an 
initial release of large amounts of drugs {which may 

3 5 inactivate bacteria entering through the skin at the 

time of insertion} followed by slow and steady release 



it 

2 ~ 30 minutes 
2-30 minutes 
5 ~ 60 minutes 
5 - 60 minutes 
10 - 60 minutes 
5 - 60 minutes 
5-60 minutes 
10 - 60 mieutes 

10 ~ 60 minutes 
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off drug impregnated in the catheter by Method 1. The 
outer polyarethane coating acts as a barrier and per- 
mits the controlled release of drug over a prolonged 
period of txssss. 
5 As specific examples, Tecof lex polYuretbane 

catheters were prepared using the following method and 
then tested for antimicrobial efficacy in their luminal 
and outer surfaces: 

1} catheters were soaked in 21 chlerhexidine 
10 dissolved in 100% reagent grade alcohol for 1 hour, 

rinsed in water, and dried for 24-48 hours £ ^Catheter 

c*>; 

ii) catheters were soaXed in 2% chiorhexidine 
4- 2% triclosan dissolved in 100% reagent grade alcohol 

If for 15 avinuf.es., rinsed in wa^er, and dried for 24-48 
hoars ("Catheter TC'*J ; 

ill) catheters were soaked in 2% triclosan in 
70% reagent alcohol/30% water for 2 minutes, rinsed in 
water, and dried for 24-48 hours ( "Catheter **) ? 

20 i.v) catheter c (above) was dipped in 3% p©iy~ 

urethane 4- 2% chiorhexidine dissolved in 70% THF/30% 
reagent alcohol ( "Catheter 

v) catheter C (above) was dipped in 3% poly- 
urethane •*• 2% chiorhexidine + 0,75% AgSD dissolved in 

25 70% THF/30% reagent alcohol ("Catheter C~A»> ; 

vi) catheter T (above) was dipped in 2% 
chiorhexidine + 2% triclosan dissolved in 70% THF/30% 
•**ag«ftt alcohol (« catheter T-R«) j 

vii) catheter TC (above} was dipped in 21 
30 chlorhexidine •;• 2% triclosan dissolved in 70% THF/30% 

reagent alcohol ("Catheter TC-S*); and 

viii) catheter TC (above) was dipped in 2% 
chlorhexidine + 0,75% AgSD dissolved in 70% THF/30% 
reagent alcohol . 

3S Trypt lease soy agar plates were seeded with 

ao 5 CFU staphylococcus aureus /ml and 0,5 cm segments of 
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catheter were embedded vertically* The plates were then 
for 24 hours at 3?°C and 2©n«s of inhibition 
?he results *t* shown in Table XX* 



C 15 15 

T 21 21 

TC 25 25 

OC IS 18 

C-A 15 18 

M 21 25 

TC-R 25 26 

TC-A 23 26 



17, METHOD OF B. EH DERI NO POLYORETHANE CATHETERS 
IHPECTIGN -RESISTANT BY XMPE x -fXTH A 

SYNERGISTIC COMBINATION OF CHEOEKEXIDINE 



It was further discovered that when catheters 
were coated using insoluble c&Iorhexidine free base and 
triciasan, a soluble ehlorhexidine/trielosan complex 
was formed which improved the drug uptake and, there- 
fore, the efficacy of the catheter. 

Method 3; Catheters prepared by Method I (see 
Section 16) were dried for 24-72 hours and then their 
outer surfaces were dipped in a polyur ethane solution 
(i~3% po.lyuretha.ne dissolved in THF/alcohol) , Catheters 
prepared by this method exhibited a large amount of 
drug release initially followed by a small but syner- 
gistics! iy effective amount of drug release for a pro- 
longed period of time. 

Method 4% Followed the same procedure as 
Method i f except that insoluble chlorhexidine free base 
(CHX) was solubiliaed with trxolosan (l molar CHX. 2 
molar triolosan ratio), which forms a complex with €HX< 
After soaking for 5-10 minutes the catheters were dried 
for 1-3 days and then the outer surface was dipped in 
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either a polyurethane solution alone {1-3% poly- 
urethane) or a solution of polyurethane containing CHX 
and trielosan {TC} . 

When relatively soluble chlorhexidine salts 
5 such as chlorhexidine acetate (CHA) were used to 
impregnate catheters, the release was undesirably 
rapid. We invest igated the t*se of CKK as a substitute 
for CH&» CHX is not soluble is water or alcohol hut, 
surprisingly, we found that when it was combined in a 

10 1:2 molar ratio with triclosan, an alcohol soluble 
complex formed. 

The uptake of chlorhexidine from a solution 
containing; CHX-TC complex was greater than that 
obtained from a CH&-TC solution despite a higher CHA 

IS concentration in the soaking solution. Due to higher 
chlorhexidine levels and higher rate of chlorhexidine 
release from the substrate resulting from impregnation 
With CHX-TC complex* the infection resistance of the 
catheters was greater than those containing only CMA, 

20 Method 5: Same as method 4 but the soaking 

ana outer coating solutions also contained soluble 
chlorhexidine acetate. 

As specific examples, the following 
experiments wore, performed using Tecoflex catheters: 

25 {!) Catheters were prepared according to 

Method 3, Specifically, catheters were soaked in 5% CHA 
* i% TC dissolved in reagent alcohol for 10 minutes, 
dried for three days, and then the outer surface was 
dipped in 2.7% Tecoflex polyurethane dissolved in 

30 'THF/reagent alcohol C?S%/3$%); the resulting catheters 
are referred to as type 1, and the polyur- 
ethane/THF/ reagent alcohol solution is referred to as 
Solution J. 

(2) A second group of catheters was prepared 
35 as in {!) , .but instead of using Solution j for the 

outer coating, another solution was used; 0,5% CHX 4 
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0.5% TC + 2.7% palyuretjiaae dissolved in 7G%TKF/30% 
reagent alcohol {"Solution K") , The resulting 
catheters are referred to as type 2. 

(3) Catheters were prepared using Method 5. 
5 Specifically, catheters were soaked in a solution 

containing 2% CHX + 2% CH& •* 2% TC dissolved in reagent 
alcohol for 10 minutes, dried for 3 days and their 
outer surfaces were dipped in Solution J. The resulting 
catheters are referred to as type 3 » 

10 (4) Catheters were prepared as in (3) but 

were dipped in Solution K to produce an outer coating. 
The resulting catheters are referred to as type 4. 

(5) catheters were prepared according to 
Method 4, Specifically, catheters were soaked for 10 

•IS minutes in 3% CHX + 3% TC in reagent alcohol, dried for 
3 days, and outer surface coated in Solution J. The 
resulting catheters are referred to as type S. 

(B) Catheters were prepared as in (5) hut 
outer surface coated with Solution K« The resulting 

20 catheters are referred to as type 6. 

(?) Catheters were prepared according to 
Method 3 > Specifically, catheters were soaked in a 
solution containing si Cdh -t 1% TC in reagent alcohol 
for 10 minutes, dried for 3 days and then outer surface 

25 coated using Solution J. The resulting catheters are 
referred to as type 7, 

(8) Catheters were prepared as in (?) , except 
were outer surface coated with 2.7% polyurethane * 3% 
CH& in ?o% THF/ 30% reagent alcohol. The resulting 

30 catheters are referred to as type 8. 

Segments of catheter types 1-8 were placed 
vertically in inoculated trypt lease soy agar plates 
inoculated with 10 s CFU of Staphylococcus aureus: per 
plate, and incubated for 24 hours. After measuring the 

35 zones of inhibition, the catheters were transferred 
daily to fresh culture plates (shown in Table XXI) . 
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21 12,0 

21 13.0 

21 17.0 

21 20.0 

21 20.0 

21 23.0 

21 5.0 

21 9.0 



The a»otmt of dr\*g uptake per as/ catheter in 
catheters prepared using various soaking solutions was 
15 measured as set forth above. 



.3oakipg...^alutlpp fimJleM^Lfco^ 

30 

5% CHA 2«0~310[ftgni 

5% CUk -f 2% TC 2S0-300 450-4S0 

25 

2% CHX 4- 2% TC * 2% CHA 480-520 300-370 
3% CHX 4 3% TC 550-660 600-700 

30 The luminal adherence of bacteria was quan- 

tified in catheters impregnated with antimicrobials 
and then coated with a solution of 2.? percent Tecoflex 
93A and various antimicrobial agents. Bacteriol 

35 test and control ?Fr catheters ware each connected to 
an individual channel of a peristaltic pump via an 
extension line,, hub, and injection cap. The hubs were 
inoculated initially and after 24 hours with xo 6 c£u of 
S, aureus which causes the extension line to became 

40 colonized thus acting as a continuous source of bac- 
teria for seeding lumens. The lumens were continuously 
perfused at a rate of mml/hmw with trypt lease soy 
broth (TSS) diluted mo with physiological saline over 
the course of ? days. At the end of one week the 
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id their outer 
surfaces disinfected with 70% ethanol. Each lumen w< 
flushed with sterile TBB to Move non-adherent bac- 
teria. Each catheter was then cut into 2 
each of which is further divided into 2 mm ; 
and placed in tubes containing 4 ml of antiseptic 
inactivating broth iVSSB} , The tis&es were sonicated 
for 20 minutes at 4«C to rwve bacteria adhering to 
the lumens. To quantify the adherence, a 0.5 ml 
aliquot of the LTS8 extract was subcuXtured on tryp* 
t lease soy agar plates, The results are shown in Table 
XXX! x 



15 mm IN DRUG IN BACTERIAL ADHERENCE 

lit i«N 



5% cm 3% cm 3 x id* 

5% Cm 4 0,5% TC 2% Cm * 2% TC 3 SC 10 2 

2% CHX f 2% CHA 2% Cm * 2% TC 0 

•i- 2% TC 
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WHAT IS CLAIMED IS I 

1. A hydrophilic polymeric medicsl article 
which has been treated with a treatssent solution 
comprising (i) S^tween about 1 and 10 percent of a 

S hydrophiiie polymer; (ii) between i and 5 percent of an 
antiinfective agent selected from the group consisting 
of ehiorhexidine free base, a efelorhexidine salt, and a 
chlorhexidlne derivative; and (iii) between .5 and 5 
percent of triclossm* 

10 

2. The medical article of claim x which is 
fabricated from a hydrophiiie polymer selected from the 
group consisting of natural rubber latex and biomedical 
polyurethana* 

15 

3. The medical article of claim 1 wherein the 
hydrophiiie polymer in the treatment solution is a 
hiomed lea 1 po lyurethane , 

•20 4, The wedie&l article of claim 2 wherein the 

hydrophilic polymer in the treatment solution is a 
biomedica 1 polyurethane . 

5, A hydrophiiie polymeric medical article 
25 having a coating comprising a hydrophilic polymer , 

triclosan, silver sulfadiazine, and an ant i infective 
agent selected from the group consisting of 
chlorhexidlne free base, a eh.lorhexid.lns salt, and a 
ehiorhexidine derivative, wherein the triclosan, silver 
30 sulfadiazine and antiinf eotive agent are present in 
amounts such that their combination, in the article,, 
has effective antimicrobial activity. 

£, The medical article of cMi 5 which is a 

3 5 catheter. 
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7, The catheter of claim € which ic an 



8. The catheter of claim 7 which is 
5 fabricated from a biomedical polyurethane < 

9. The catheter of claim 8 wherein the 
hydrophilic polymer in the coating is a biomedical 
polyurethana » 

W 

10. A hydrophilic polyssoric medical article 
treated with a treatment solution comprising a 
hydrophobic polymer, triclosan, and a an antiinf ecf ive 
agent selected from the group consisting of 

IS chlorhexidine free base, a chlorhexidine salt, and a 
chlbrhoxicline derivative, wherein the triclosan and 
antilnfective agent are present in amounts such that 
their combination, in the treated article, has 
effective ant .microbial activity. 

2 0 

IX. *he jwaJical article of claim 10, further 
compr is ing si 1 ver sulf adiaz ine . 

12. The medical article of claim 10 wherein 
25 the hydrophobic polymer is a biomedical silicone 

polymer, 

13. The medical article of claim 11 wherein 
the hydrophobic polyae? is a biomedical silicone 



14, The medical article of claim 10 wherein 
the hydrophobic polymer is a siiicone-poiyorethane 
copolymer. 
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25, The medical article of claim 1.1 wherein 
the hydrophobic polymer is a silicone-polyurethane 



16. The sedical article, of claim 20 which is 



17. The catheter of claim 16 which is an 
i nt r a ve nous catheter > 

10 

18, The catheter of claim 1? which is 
fabricated from a biomedical palyuretha»». 

m, The catheter of claim 18 wherein the 
15 hydrophobic polymer in the solution is a biomedical 



20. A hydrophilie polymeric medical article 
which has been treated with a treatment solution 

SO comprising (i) between about 1 and 10 percent of a 

hydrophobic polymer (ii) between l and 5 percent of an 
antiinfective agent selected from the group consisting 
of chlorhex id ine free base, a chlorhexidine salt, and a 
chlorhexidine derivative; and (ill) between .5 and S 

2S percent of tricloaan. 



21, The medical article of claim 20 which is 
fabricated from a hydrophilie polymer selected from the 
group consisting of natural rubber latex and biomedical 



22. The medical article of claim 20 wherein 
the hydrophobic polymer in the treatment solution is a 
biomedical s ii icon* polymer. 

35 
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23. The medical article of claim 21 wherein 
the hydrophobic polymer in the treatment solution is a 
biomedical silicone polywer. 

24. The jnedicaX article of claim 20 wherein 
the hydrophobic polymer in the treatment solution is a 
sil icone-poiyurethane copolymer. 

25. The medical article of claim 21 wherein 
the hydrophobic polymer in the treatment solution is a 
sil i cone «po lytiret hams copolymer . 

26. A hydrophobic polymeric medical article 
treated with a treatment solution comprising a 
hydrophobic polymer, triclosan, and a an anti infective 
agent selected from the group consisting of 
chlorhexidinfc free base, a chlotbexidine salt, and a 
chlorhexicline derivative, wherein the triclosan and 
antiinf ective agent are present in amounts such that 
their combination, in the treated article, has 
effective an s ial activity, 

21. The medical article of claim 2B f further 
comprising si iver su If ad i az ine . 

28. The medical article of claim 26 wherein 
the medical article is fabricated from a hydrophobic 
polymer selected from the group consisting of 
polytetrafluoroethyiene f Dacron, polyvinylchloride and 
a silicone polyurethane copolymer. 

2S. The medical article of claim 27 wherein 
the medical article is fabricated from a hydrophobic 
polymer selected from the group consisting of 
polyvinyl chloride, pciytetraf iuoroethylene, Dacron and 
a silicone poiyure thane copolymer. 
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30. The jsedical article of daisi 28 wherein 
the medical article is fabricated from a silicone 
polymer, 

5 31, The seolcal article of claim 2? wherein 

the medical article is fabricated from a silicone 
polymer. 

32. The medical article of claim 26 wherein 
10 the hydrophobic polymer in the treatment solution is a 

bi omeclioa 1 s i X i cone polymer . 

33, The medical article of claim 27 wherein 
the hydrophobic polymer in the treatment solution is a 

15 biomedical silicone poly»«r. 

34 x The medical article of claim 26 therein 
tbe hydrophobic polymer in the treatment solution is a 



20 

3<>. The medical article of claim 2? wherein 
the hydrophobic polymer in the treatment solution is a 
silicone-poiyore thane copolymer . 

25 36, The medical article of claim 26 which is 

a catheter. 

37. The catheter of claim 36 which is an 
intravenous catheter, 

30 

38. The catheter of claim 37 which is 
fabricated from a biomedical silicone polymer. 

39. The catheter of claim 38 therein the 
35 hydrophobic polyawr in the treatment solution is a 

biomedical silicone polymer. 
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40. A hydrophobic polymeric medical article 
which has been treated with a treatment solution 
comprising (i) bstwaen about i and ID percent of a 
hydrophobic polymer {1.1} between I and & percent of an 
5 anti infective agent selected from the group consisting 
of ehlorhexidina free base, a chlorhexidine salt, and a 
chlorhexidine derivative; and (iii) between .5 and 5 
percent of triclosan. 



41- The medical article of claim 40 which is 
fabricated from a hydrophobic polymer selected from the 
group consisting of polytetraf luoroethylene, Bacron f 
poiyvinylchloride, biomedical silicons polymer, and 
silicone poiyurethane copolymer. 

42, The medical article of claim 40 wherein 
the hydrophobic polymer in the treatment solution is a 
•biomedical silicone polymer. 



43, The medical, article of claim 41 wherein 
the hydrophobic polymer in the treatment solution is a 
b i omed i c a 1 s i 1 i cone po lysser » 

44, The medical article of claim 40 wherein 
the hydrophobic polymer in the treatment solution is a 



45. The medical article of claim 41 wherein 
the hydrophobic polymer in the treatment solution is a 

30 silicone-polyurethane copolymer, 

46. A method for rendering a silicone 
catheter ant i infective , comprising t 

(1) placing the silicone catheter in an 
35 impregnating solution comprising (a) a solvent which 
causes the catheter to swell j fb) between 1 and S 
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percent of an ant i infective agent selected from the 
group consisting of chlorhexidine free foas«, a 
ehiorhexMine salt, and a chlorhexidine derivative? (c) 
between ,5 and 5 percent of triclosan? and <<J) between 
5 1 and 10 percent of a biomedical polymer; 

|2} soaking the catheter in the impregnating 
solution for a period of time sufficient to allow the 
catheter to swell; 

(3) removing the catheter fro* the 
10 impregnating solution? and 

(4) drying the catheter. 

47. The method of claim 46,. wherein the 
biomedical polymer is a biomedical silicone polymer. 

15 

43. The method of claim 46, further 
comprising the step of dipping the catheter, after 
drying according to step (4), into a second coating 
solution comprising a biomedical polymer, 

20 

49. The method according to claim 48, wherein 
the biomedical polymer in both the impregnating 
solution and the second coating solution is a 
biomedical silicone polymer. 

25 

50, A hydrophobic polymeric medical article 
which has been treated with a treatment solution 
comprising (i) between about i and 10 percent of a 
hydrophiiic polymer; <ii) between X and S percent of an 

30 antiinfective agent selected from the group consisting 
of chlorhexidine free base,, a chlorhexidine salt, and a 
chlorhexidine deri^atiwr and (iii) between .5 and 5 
percent of rriclosan, 

35 Si. The medical article of claim 50 which is 

fabricated from a hydrophobic polymer selected from the 
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group consisting of polytetraf luoroethylene, Dacron, 
polyvinyl chloride, biomedical silicone polymer., and 
silicone polyur ft thane copolymer. 

5 52. The medical article of claim 50 wherein 

the hydrophilic polymer is a biomedical polyurethane. 

53. & medical article which has been treated 
by a method comprising? 
10 (2> placing the medical article in an 

impregnating solution comprising (a) a solvent selected 
from the group consisting of water, reagent alcohol, 
tetrahydrofuran, and mixtures thereof; and (h) 
ehlorhexidine free base and triciosan, in a molar ratio 
15 between 1:1 to 1:3, wherein the total weight of 

chiorhexidine free base a»& triciosan is between 1 and 
10 percent of the weight of the impregnating solution? 

(2) soaking the catheter in the impregnating 
solution for a period of time sufficient to allow the 
20 medical article to swell? 

<3) removing the medical article from the 
impregnating solution; and 

{4} drying the medical article. 

35 54. The medical article of claim 53, wherein 

the solvent in step (1) (a) is a mixture of reagent 
alcohol and tetrahydroiuran . 

55- The medical article of claim S3, wherein 
3D the ratio of chlorhexidine free base and triciosan in 
step (I) {h} is about 1:2. 



56. The medical article of claim 53, wherein 
the total weight percent of chiorhe&xdine free base and 
triciosan in step (1) <fc) is about 2-10. 
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57 > The medical article of claim 53, which 
has farther been coated with a coating solution 
comprising a biomedical polyjwr. 

5 58. The medical article of claim 57, wherein 

the biomedical polymer in the coating solution 
comprises an antimicrobial agent. 

59. The medical, article of claim 53 which is 
10 fabricated from polyurethane . 

60. The medical article of claim 59 which is 
a polyurethane catheter. 

15 6i. The medical article of claim 60 in which 

both the external and internal surfaces of the catheter 
are brought into contact with the impregnating 
saltation. 

20 62, The medical article of claim 60 in which 

only the external surface of the catheter is brought 
into contact with the impregnating solution, 

63, The medical article of claim 60 f in 
25 which only the internal surface of the catheter is 

brought into contact with the impregnating solution, 

64, A method of preparing an infection 
resistant medical article comprising: 

30 { 1} placing the medical article in an 

impregnating solution comprising (a) a solvent selected 
from the group consisting of water,, reagent alcohol., 
tetrahydrofnran, and mixtures thereof; and (b) 
chiorhexidine free base and triclosan,- in a molar ratio 

35 between l;i and ls3, wherein the total weight of 
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chiorhexidine free base and triclosan is between I and 
10 percent of the weight of the impregnating solution; 

{2} soaking the catheter in the impregnating 
solution for a period of time sufficient to allow the 
5 medical article to swell; 

|3) removing the medical article from the 
impregnating solution; and 

(4) drying the medical article, 

10 $5. The method of claim 64,, wherein the 

solvent in step {l}(a} is a mixture of reagent alcohol 
and tetr ahydrof ur an . 

66, The method of claim 64, wherein the 
IS ratio of chiorhescidine free base and triclosan in step 
(l) {h} is about it 2. 



S of claim 64, wher< 
total weight percent of ehlorhexidine free 1 
20 triclosan in step (X) (h) is aifeout 2-10. 



68, The method of claim 64, which has 
further been coated with a coating solution comprising 
a biomedical polymer, 

25 

69. The method of claim 68, wherein the bio- 
medical polymer in the coating solution comprises an 
antimicrobial agent. 

30 70. The method of claim 64 which is 

fabricated from poiyurethane- 



7.x. The method of claim 70 which is a poly- 
ure thane catheter. 

35 



72. The method of claim 71 in which both the 
external and internal surfaces of the catheter are 
brought into contact with the impregnating eolation. 

73. The method of clai» 71 in which only the 
external surface of the catheter is brought into 
contact with the impregnating solution, 

74. The method of cl&ixa 71, in which only 
the internal surface of the catheter is brought into 
contact with the impregnating solution. 



75, The medical article of claim 53 wherein 
the impregnating solution of step (1) further comprises 
ehiorhexioine acetate , 
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